INTRODUCTION
Bactericidal mechanisms in plasma involve many factors including antibodies, complement, and unsaturated transferrin [1] . The transferrin is essential because it restricts the level of free ferric iror. to 10-ts M [1] . If iron becomes freely available, the bactericidal power is lost [1, 2] . Transferrin binds Fc -~÷ only under well-defined conditions. The iron is released from the protein if it is reduced to the ferrous form, [31 while below pH 6,7, transferrin readily looses ferric iron [4] .
Previous work had shown that the bacteriostatic power of antiserum against the anaerobe ClostrMium perfringens was progressively abolished by lowering the E h or pH [5] , in this article we show that lowering the E h or pH of human plasma abolishes or reduces its bactericidal power against the facultative anaerobes Klebsiella pneumoniae and Escherichia coli. This is probably due
Measurement of ferrous iron
2,4,6-TripyridyI-S-triazine (31 rag) (Sigma, St. Louis, MO) was dissolved in 20 ml dimethyl sulphoxide (Mallinckrodt, Paris, KY). 25 ml of 1.2 M acetate buffer (pH 5.2) were gassed with N 2 for 30 rain to remove oxygen. A 5-ml syringe was flushed with buffer and filled with 1.0 ml tripyridyl solution plus 4.0 ml of buffer, giving a 1 mM solution of tripyridyt. 4 ml of this mixture was added to 4.0 ml of reduced plasma (E h approx. -400 mV) in the culture vessel (Fig. 1) . The mixture remained reduced (Eh approx. -300 mV). Samples (0.7 ml) were removed at intervals and the absorbanee measured at 593 nm in a l-cm cell using unreduced plasma and tripyridyl as a blank. A blue colour develops with Fe '+ but not Fe 3+. The amount of Fe z+ was calculated using an extinction coefficient of 2.24 × 1(? [9] .
Control of E h and pH of plasma
The methods used were a modification of those described previously [10] . The culture vessel ( 30 p.M. The bacteria (0.08 ml) were added after adjustment of the pH and E h. The oxidation reduction potentials (E~,) were measured with two platinum electrodes [ll)] using a Diamond General electrometer (Model 1231) (Ann Arbor, MI). The calomel reference electrode was kept at room temperature. The pH was measured on an Orion 611 pH meter (Orion Research, Boston, MA) using a combined electrode (811)3). The pH was controlled by the concentration of CO 2 in the air or nitrogen passing over the surface of the plasma. The E h was controlled by the addition of small amounts of 2.5% (w/v) Na2S,O 4 solution, (Sigma, St. Louis, MO) [10] . Light was excluded from the culture vessel [10] .
Ferric iron
Fe 3÷ was added to plasma as ferric ammonium citrate [8] .
RESULTS

The effect of changes in G,
In plasma, growth or destruction of both organisms was controlled by changing the E h. In Figs. 2 and 3 a high E h (approx. +200 mV) resulted in an initial period of growth followed by rapid destruction. When the E h was lowered,
{approx. -45(1 mV), rapid regrowth occurred after a delay of 2 h. In Figs. 4 and 5. a low E h (approx. -450 mV) for the first 2 h resulted in immediate growth from small inoeula. After 2 h the E h was raised (E h + 150 to +2(tll mV). Growth continued for 2 h with K. pneumoniae (Fig. 4) , and I h with E. coil (Fig. 5 ), but was foUowcd by rapid destruction. 
l)ctectum o[ fi'mms iron (FeZ ~ ) tl1 low E;,
Plasma kept at a low /'-'h (approx. -411{) mV, pH approx. 7.5) and mixed with the tripyridyl reagent had a distinct bluish green colour. The amounts of Fe :" are given in Table 1 . It appeared that not all the iron in the transferrin was converted to the ferrous form.
Plasma was also kept at lov, E h and then exposed to air. On withdrawing serial samples into syringes containing the tripyridyl reagent it was found that 40-70q of the Fe-'~ was reoxidised during the first 2 h. After several hours there appeared to he a residual absorption at 593 nm, but this had a a,,,,,x at 5o8 nm, It was as- " Saturated iron binding capacity [8] .
sumed that this was not Fe -'÷ but some compound formed during the reduction of the plasma. This requires further investigation.
The effect of changes in pH
At pH 7.5-7.7 (E h approx. + 200 mV) all the plasma samples were highly bactericidal to both organisms when inoculated with 1(14 bacteria/ml or less. With inocula of 105/ml the initial bactericidal effect was followed by slow regrowth over a period of 24 h. Lowering the pH (approx. 6.5) reduced or abolished the bactericidal effect ( Fig.  6 and 7 ). iron and E h was +1t~4+_13 mV [8] . Plasma 8 (low pH) was 22% saturated with iron and E h was +221_+9 mV 18].
• minimum number organisms detectable.
The effect of adding Fe +~ + &tring the bactericidal ¢,ffect
With both organisms, saturating the plasma transferrin with Fe 3+ (approx. 112%) during the bactericidal process (pH 7.5-7.6, E h approx. +2(10 mV) led to rapid regrowth growth within I-2 h (the addition of Fe 3+ also caused a small rise in E.) (Figs. 8 and 9 ).
DISCUSSION
The bactericidal effect of plasma was extremely sensitive to changes in E, or pH, and the most likely explanation for this depends on the iron-binding properties of transferrin, in normal persons the antibacterial and antifur, gal properties of blood and tissue fluids cannot be maintained unless the level of free ferric iron is extremely low (10-'~ M) [1, 2, 7] . We suggest that a fall in E h or pH could predispose to bacterial or fungal growth by making iron more easily available.
At E h -140 mV or below, ferric iron is reduced to the ferrous form and is no longer bound (Figs. 2 and 3) , after a period of destruction at a high E h. This phenomenon is imitated almost exactly at a high Eh by adding enough ferric iron to saturate the transferrin (Figs. 8 and 9 ). Conversely, a reappearance of the bactericidal effect at a high E h after a period of rapid growth at a low E h could be accounted for by the return to a normal ironbinding capacity of the transferrin. It is worth emphasizing that the reappearance of the bactericidal effect on raising the E h shows that no permanent damage occurs to the complementantibody-transferrin system while the plasma is reduced. The partial or complete Ioss of the bactericidal effect at pH 6.5 (Figs. 6 and 7) could be explained by a fall in iron-binding capacity that occurs below pH 6.7 [4}.
It has been suggested that the mechanism of killing by the complement-antibody-transferrin system resembles that of the colicins, since oxidative phosphorylation is required in both cases [12] . Further, the Ton B protein which is required for both Fe transport [13] and colicin-mediated killing is itself controlled by the/it, gene [14, 15] . Thus, frec Fe 3" or Fe -~+ may repress the Ton B protein via the fur gene and hence reduce bacterial sensitivity to the complement-antibodytransferrin system. This idea is consistent with the events outlined above,
The El, of normal tissue is approximately + 31K) mV [16] . Changes in E h and pH occur in damaged or diseased tissue. For example, in anoxie muscle, continued breakdown of carbohydrate results in a fall of E h and pH [6] . Necrotic muscle is highly reducing, [6, 16, 17] and the E h in infected muscle can fall below -41K) mV [16] . However, even minor procedures such as the injection of i(I ,o.g of adrenaline can induce a fall in Eh of 1(11 mV, [16] while 20 pg produced a fall in tissue E h to approximately -100 mV, pH 7.(I [18] . Adrenaline greatly enhanced the virulence of many different bacteria, both aerobes and anaerobes, [18] and a fall in tissue E h could be responsible for this.
The pH of normal tissue is approximately 7.4 [19] . At pH 6.85, rabbit serum lost its bacteriostatic power against Pasteurella mtdtocida [2(I] , while below oH 7.3 human serum lost its inhibitory power against Rhi:optts oo':ae [7] . Ex- actly what happens in tissues at pH 7.3 or below that favours the growth of pathogens is uncertain, but the availability of iron could be involved [7, 20] . In ischaemic tissue the pH may reach 6.5
[21] to 6.8 [19] and in infected exudate as low as pH 6.4 [22] . Thus, changes in physical conditions in tissues could be of critical importance in infection.
